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EngliSSkS&^nslation of Japanese Laid-Open No, Hei 5-82168 

[Title of the Invention] 

NON-AQUEOUS ELECTROLYTE BATTERY 

[Abstract] 
[Purpose] 

To improve store characteristics and cycle 
characteristics of a non-aqueous electrolyte battery. 
[Constitution] 

The battery of this invention comprises a positive 
electrode, a negative electrode using a lithium as an active 
material and a non-aqueous electrolyte, as main constitutional 
components, in which a cyclic compound containing two or more 
ketone groups is added to the electrolyte. 
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[Scope of the Claim for Patent] 

[Claim 1] A non-aqueous electrolyte battery comprising 
a positive electrode, a negative electrode using a lithium as 
an active material and a non-aqueous electrolyte, as main 
constitutional components, in which a cyclic compound 
containing two or more ketone groups is added to the non-aqueous 
electrolyte . 

[Claim 2] A non-aqueous electrolyte battery as defined 
in claim 1, wherein the cyclic compound containing two or more 
ketone groups includes maleic acid anhydride, 
tetrahydrofuran-2 , 4-dione and succinic acid anhydride. 

[Claim 3] A non-aqueous electrolyte battery as defined 
in claim 1 or 2, wherein the solute of the non-aqueous 
electrolyte is at least one member selected from the group 
consisting of lithium trif luoromethane sulfonate, lithium 
hexafluorophosphate, lithium tetraf luoroborate, lithium 
hexaf luoroarsenate, lithium hexaf luoroantimonate and lithium 
perchlorate. 

[Claim 4] A non-aqueous electrolyte battery as defined 
in claim 1, 2 or 3, wherein the positive electrode comprises 
manganese oxide, nickel oxide or cobalt oxide. 

[Claim 5] A non-aqueous electrolyte battery as defined 
in claim 1, 2, 3 or 4, wherein the negative electrode comprises 
lithium metal, or alloys, oxides or carbon capable of 
adsorbing/releasing lithium. 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention concerns a non-aqueous electrolyte 
battery comprising a positive electrode, a negative electrode 
containing lithium as an active material and a non-aqueous 
electrolyte and, specifically, it relates to the improvement 
of the electrolyte. 
[0002] 
[Prior Art] 

A non-aqueous electrolyte battery comprising a positive 
electrode, a negative electrode containing lithium as an active 
material has been noted for the high energy density and 
excellent store characteristics, and vigorous studies and 
developments have been conducted recently. The most important 
subject upon putting this kind of non-aqueou^glectrolyte 
batteries into practical use is the development of non-aqueous 
electrolyte having sufficient store characteristics or cycle 
characteristics . 
[0003] 

Particularly, in such kind of non-aqueous electrolyte 
batteries, since reaction of the electrolyte with the negative 
electrode comprising lithium as the active material occurs on 
the side of the negative electrode and the potential is kept 
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high on the side of the positive electrode, the electrolyte 
tends to be decomposed in each of the positive and negative 
electrodes. Accordingly, it is essential that the electrolyte 
has to be selected while taking these points into consideration. 
Therefore, there have been proposed to use various kinds of 
electrolytes, but most of them are those in which a solvent 
of low viscosity such as 1 , 2-dimethoxy ethane or 1 , 3-dioxolane 
is mixed in a high boiling point solvent such as propylene 
carbonate, ethylene carbonate or v-butylolactone. It is 
suggested to use lithium perchloride or lithium 
tetraf luorobotate as a solute. 
[0004] 

[Problem to be Solved by the Invention] 

However, sufficient characteristics are not always 
obtained even by using the electrolytes described above, and 
they have drawbacks, particularly, in the store 
characteristics or cycle characteristics. 
[0005] 

Then, this invention has been proposed in view of the 
problems, and provides a non-aqueous electrolyte battery 
having excellent store characteristics and cyclic 
characteristics by controlling the reactivity between the 
highly active positive and negative electrodes and the 
non-aqueous electrolyte in this kind of battery. 
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[0006] 

[Means for Solving Subject] 

This invention has a feature in comprising a positive 
electrode, a negative electrode using a lithium as an active 
material and a non-aqueous electrolyte, wherein a cyclic 
compound containing two or more ketone groups are added to the 
non-aqueous electrolyte. 
[0007] 
[Function] 

As described above, in this kind of non-aqueous 
electrolyte batteries, decomposing reaction of the 
electrolyte tends to occur, which is considered as a main cause 
for the degradation of various characteristics of the batteries . 
Accordingly, in this invention, since a cyclic compound 
containing two or more ketones is used as an additive, batteries 
having excellent store characteristics and cycle 
characteristics can be obtained. 
[0008] 

Specifically, it is considered that since a compound 
containing the cyclic compound containing two more ketones such 
as maleic acid anhydride, tetrahydrof uran-2 , 4-dione or 
succinic acid anhydride is added to the solvent of the 
electrolyte to solvate the same, with lithium ions, the 
electrolyte is electrically stabilized, and causes less 
decomposing reaction. As a solute, lithium trif luoromethane 


5 


sulfonate, lithium hexaf luorophosphate, lithium 
tetrafluoroborate, lithium hexaf luoroarsenate, lithium 
hexaf luoroantimonate and lithium perchloride can be used. 

[0009] 
[Example] 

Description will be made below while comparing examples 
of the non-aqueous electrolyte battery of this invention and 
comparative examples. 
[0010] 

[Example 1 -non-aqueous electrolyte secondary battery] 

Fig. 1 shows a cross sectional view of a flat-type 
non-aqueous electrolyte battery as one example of this 
invention. 1 denotes a negative electrode comprising a 
lithium/aluminum alloy, which is press-bonded to the negative 
electrode current collector 3 secured to the inner bottom 
surface of a negative electrode can 2 . 4 denotes a positive 
electrode which is prepared by adding 10% by weight of acetylene 
black as an electroconductive agent and 5% by weight of a fluoro 
resin as a binder to 85% by weight of manganese oxide as a 
chargeable active material, mixing them sufficiently, and then 
molding the mixture. The molded material was press-bonded to 
a positive electrode current collector 6 secured to the inner 
bottom surface of a positive electrode can 5. 7 denotes a 
separator comprising a polypropylene porous film which is 
impregnated with an electrolyte prepared by dissolving lithium 
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hexafluorophoshate ( f luoro-lithium Lewis acid) as a lithium 
salt at the rate of 1 mol/1 in a mixture of propylene carbonate 
and dimethyl carbonate (50:50 % by volume) with addition to 
500 ppm of maleic acid anhydride, which forms a feature of this 
invention. In addition, 500 ppm of lithium nitrate is added 
to the electrolyte as a corrosion inhibitor for the material 
of the can. 8 denotes an insulation packing. The dimension 
of the battery is 24 mm in diameter and 3 mm in height. The 
battery is referred to as a battery A of this invention. 
[0011] 

[Comparative Example 1] 

A battery was manufactured in the same manner as in 
Example 1 except for using a mixture of propylene carbonate 
and dimethyl carbonate (50:50 vol% ) as an organic solvent . The 
battery is referred to as a comparative battery W. 
[0012] 

Discharge characteristics before and after the storage 
were examined by using these batteries . The conditions in this 
case were that the batteries were stored in a charged state 
at 60°C for 20 days and then discharged at a discharging current 
of 2 mA. The results are shown in Fig. 2. It can be seen that 
the battery A of this invention is excellent in the store 
characteristics compared with those of the comparative battery 
W. 
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[0013] 

Then, the cycle characteristics of these batteries A and 
w after storage were compared. The charge/discharge- 
conditions in this case were that the charge/discharge current 
was 1.5 mA and the charge/discharge time was 3 hours. When the 
voltage of the battery reached 1.5V in a discharging period, 
it was judged as the cycle life. The results are shown in Fig. 
3. it can be seen from the result of Fig. 3 that the battery 
A is excellent in the cyclic characteristics after storage 
compared with those of the comparative battery W. 
[0014] 

[Example 2-non-aqueous electrolyte secondary battery] 

A battery was manufactured in the same manner as in 
Example 1 except for using chargeable/dischargeable cobalt 
oxide for the positive electrode 4 and using a mixture of 
propylene carbonate and dimethoxyethane (30:70 vol%), with 
addition of 500 ppm of tetrahydrof uran-2 , 4-dione as an organic 
solvent to be impregnated to the separator 7. The battery is 
referred to as a battery B of this invention. . 
[0015] 

[Comparative Example 2] 

A battery is manufactured in the same manner as in Example 
2 except for using a mixture of propylene carbonate and 
dimethoxyethane (30:70 vol%) for the organic solvent. The 
battery is referred to as a comparative battery X. 
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[0016] 

Discharge characteristics of the batteries before and 
after storage were examined under the same conditions as those 
in Example 1 by using these batteries B and X. The results 
are shown in Fig. 4. It can be seen from the results that the 
battery B of this invention is more excellent in the store 
characteristics than those of Comparative Example X. 
[0017] 

Next, the change of internal resistance of each of the 
batteries A and X during storage was examined. The results 
are shown in Fig. 5. It can be seen from the results that the 
increase of the internal resistance of the battery B of this 
invention is smaller than that of the comparative battery X, 
and the dischargeability after storage is also excellent. 
[0018] 

[Example 3 -non-aqueous electrolyte secondary battery] 

A battery was manufactured in the same manner except for 
using carbon capable of adsorbing/discharging lithium for the 
negative electrode 1 and using a mixture of propylene carbonate 
and y-butylolactone (30:70 vol%) with addition of 1000 ppm of 
succinic acid anhydride as an organic solvent to be impregnated 
in the separator 7 . The battery is referred to as a battery 
C of this invention. 
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[0019] 

[Comparative Example 3] 

A battery was manufactured in the same manner as in 
Example 3 except for using a mixture of propylene carbonate 
and y-butylolactone (30:70 vol%) as an organic solvent, and 
the battery is referred to as a comparative battery Y. 
[0020] 

Discharge characteristics of the batteries before and 
after the storage were examined under the same condition as 
in Example 1 by using the batteries C and Y. The results are 
shown in Fig. 6. It can be seen from the results that the 
battery C of this invention is more excellent in the store 
characteristics than those of the comparative battery Y. 
[0021] 

[Example 4-non-aqueous electrolyte primary battery] 

A battery was manufactured in the same manner as in 
Example 1 except for using lithium metal for the negative 
electrode 1, using manganese dioxide subjected to a heat 
treatment at a temperature range of from 350 to 43 0°C as an 
active material for the positive electrode 4, and using a 
solvent prepared by adding 100 ppm of maleic acid anhydride 
to a mixture of propylene carbonate and 1 , 2-dimethoxyethane 
(30:70 vol%) as an organic solvent to be impregnated in the 
separator 7 . The battery is referred to as a battery D in this 
invention. 
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[0022] 

[Comparative Example 4] 

A battery was manufactured in the same manner as in 
Example 4 except for using a mixture of propylene carbonate 
and 1,2-dimethoxyethane (30:70 vol%) as an organic solvent. 
The battery was determined as a comparative battery Z. 
[0023] 

Discharge characteristics of the batteries before and 
after the storage were examined under the same condition as 
in Example 1 by using the batteries D and Z. The results are 
shown in Fig. 7. It can be seen from the results that a great 
effect can be provided in the improvement of the store 
characteristics of the battery D of this invention compared 
with those of the comparative battery Z. 
[0024] 

[Effect of the Invention] 

As apparent from the foregoing descriptions, in the 
non-aqueous electrolyte battery of this invention, since a 
cyclic compound containing two or more ketone groups is added 
to the electrolyte, the decomposing reaction of the electrolyte 
less occurs and, as a result, the store characteristics and 
the cyclic characteristics of this kind of non-aqueous 
electrolyte battery can be improved. 
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[Brief Description of the Drawings] 

[Fig 1] Fig 1 is a cross sectional view showing the 
constitution inside a non-aqueous electrolyte battery of this 
invention. 

[Fig. 2] Fig. 2 is a view for the discharge 
characteristics of the batteries of this invention and 
comparative example before and after the storage. 

[Fig. 3] Fig. 3 is a view of cyclic characteristics of 
the batteries of this invention and comparative example before 
and after the storage. 

[Fig. 4] Fig. 4 is a view of discharge characteristics 
of the batteries of this invention and comparative example 
before and after the storage. 

[Fig. 5] Fig. 5 is a view showing the change of the 
resistance inside the batteries of this invention and 
comparative example during storage. 

[Fig. 6] Fig. 6 is a view showing discharge 
characteristics of the batteries of this invention and 
comparative example before and after the storage. 

[Fig. 7] Fig. 7 is a view showing discharge 
characteristics of the batteries of this invention and 
comparative example before and after storage. 
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[Explanation of Reference Numerals] 
1 ... negative electrode 
4 ... positive electrode 
7 ... separator 

A, B # C, D ... batteries of this invention 

W, X, Y, Z ... batteries of comparative exampl 
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[Fig. 2] 

Battery voltage (V), 

A, W (before storage), 
w, A (after storage), 
Discharge time(H) 

[Fig. 3] 

Discharge termination voltage (V), 
Number of cycles (times) 

[Fig. 4], [Fig. 6] 

Battery voltage (V) 

Discharge time (H) 

[Fig. 5] 

Internal resistance (Q) 

Number of days stored 
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7] 

Battery voltage (V), 

D, Z (before storage), 
Z, D (after storage), 
Discharge time(H) 
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